 This is the first nationally representative study of prevalence and correlates of major and subthreshold depression and treatment utilization in older home care recipients.  One in two older home care recipients suffered from probable depression.  A quarter of older home care recipients with major depression and half of those with subthreshold depression were not receiving treatment.  Male gender and pain problems were associated with a higher risk of subthreshold and major depression.
Introduction
Home-and community-based care services or HCBS is an umbrella term encompassing a wide range of services, such as transportation, Meals on Wheels, and senior centers, designed to help older adults remain safely in their homes. HCBS have received increased attention as a venue for improving late-life depression in response to the persistent shortage of geriatric mental health providers, the clinical complexity of late-life depression, and the challenges of scaling up evidence-based depression care in the primary care setting. 1, 2 A good understanding of the burden of depression and gaps in treatment in HCBS is a critical first step toward developing effective strategies to integrating depression care into these settings.
Studies on depression in HCBS settings have focused on Medicare home health. [3] [4] [5] [6] [7] Estimates of major depression have ranged from 8.5% 4 to 13.5% 3 in regional, non-probability samples whereas in a nationally representative sample of Medicare home health recipients, 6.4%
had a diagnosis of major depression. 6 Another set of studies assessed subsyndromal depression in recipients of non-specified HCBS, and found that 24% to 42% of HCBS recipients had significant depressive symptoms. [8] [9] [10] [11] [12] [13] [14] [15] Some of the variation in estimates might be due to the fact that HCBS cover a wide range of services delivered by different types of providers. This study expands previous research by focusing on home care, a specific type of HCBS provider. Relatively more research on depression has been performed in the home health care setting [3] [4] [5] [6] [7] as compared to home care. Home care and home health care are distinct. Home care as defined in this study refers to non-skilled personal care and companionship services, such as assistance with activities of daily living (ADLs), light housekeeping, medication management, escort to appointments, and general companionship. Home care is a booming industry due to the rising aging population in the United States, consumer preferences for aging in place, and public policy favoring community-based alternatives to institutional long-term care. 16 Home care is provided full-time, part-time, intermittently, or even around the clock based on care recipients' long-term care needs, whereas home health care provides intermittent skilled nursing care and rehabilitation services after an acute illness. Home care is paid for by a variety of sources including out-of-pocket payment, Medicaid, veterans' benefits, and long-term care insurance, whereas home health care is primarily paid by Medicare. Home care is often provided without a physician's order or supervision, whereas home health benefits require physician's orders.
Relevant to the present investigation, the burden and clinical manifestations of depression, as well as treatment, may differ between the home care and home health care settings.
Older adults who receive home care tend to be homebound and experience multiple chronic illnesses, functional impairment, and social isolation. 17 In addition, recipients of paid home care often experience a loss of physical and social independence. Not being able to fully care for one's self and reduced ability to move about in the community conflicts with people's desire for freedom, control and self-sufficiency. 18 For these reasons, we expected a high burden of depression in older home care recipients. Older home care recipients may face significant access barriers to depression treatment due to mobility challenges and limited social support. Previous research also indicates that this group is likely receiving sub-optimal antidepressant care due to high medical and cognitive comorbidities and pain complaints. 19 Despite the high risk of mental health problems among home care recipients and the associated service challenges described here, no nationally representative studies on home care recipients reported on this group's mental health and treatment status. This study aims to estimate the prevalence of major and subthreshold depression and associated mental health service utilization in this nationally representative sample of older adults receiving home care. Additionally, we will also explore correlates of depression and treatment utilization in this group.
Methods

Data and participants
The 
Indicator of receiving paid home care
Receipt of home care was based on self-report with reference to ADL and IADL limitations. ADLs included walking, dressing, bathing, eating, getting in/out of bed, and using the toilet. IADLs included preparing hot meals, shopping for groceries, making telephone calls, 
Measure of depression treatment
A dichotomous indicator of psychiatric medication use was based on the response to the question "Do you regularly take prescription medications to help relieve anxiety or depression?"
A dichotomous indicator of psychological treatment was based on the response to the question "Do you now get psychiatric or psychological treatment for your problems?" Respondents were not asked about the specific condition for which they were receiving psychological treatment.
Individual socio-demographic, clinical and functioning characteristics
Measures of socio-economic characteristics included age, sex (female or male), race/ethnicity (non-Hispanic white, non-Hispanic black, non-Hispanic Asian or other, Hispanic), highest educational attainment (no degree, high school diploma or equivalent, some college, college degree or above), marital status (married, separated/divorced/widowed, never married), a dichotomous indicator of living alone, household net wealth, and a dichotomous indicator of Medicaid enrollment. Measures of disease and comorbidities included a count of self-reported chronic disease diagnoses (hypertension, diabetes, heart disease, stroke, cancer, lung disease, and arthritis), a dichotomous indicator of probable cognitive impairment, and problems with pain (no pain, mild pain, moderate or severe pain). A dichotomous indicator of probable cognitive impairment was also assessed based on several cognition tests, including an immediate word recall (interviewer reading 10 nouns and asking respondents to recall immediately), delayed 
Data analysis
Data analyses involved descriptive statistics, bivariate analysis comparing sample characteristics by depression status using t-tests and chi-square tests, multinomial logistic regression examining correlates of depression type, and binary logistic regression evaluating correlates of depression treatment. Logistic regression models were built based on the purposeful selection of covariates process described in Bursac et al. 26 Analyses accounted for the sampling, clustering, and stratification design features of the HRS, using Taylor linearization for variance estimation in Stata 14.0 SE Version (College Station, TX: StataCorp LP).
Results
As shown in Table 1 , older adults receiving home care were 78 years old on average.
They were predominantly female (69.2%), non-Hispanic white (71.8%), divorced, separated, or widowed (70.2%), and living alone (57%). One third of study participants were Medicaid beneficiaries. Participants reported an average of 3 chronic diseases. Half of the study sample possessed a probable diagnosis of cognitive impairment, and half reported problems with moderate or severe pain. The average count of ADL limitations was 2.6 and the average count of IADL limitations was 1.7.
One in two study participants had probable depression; 13.4% of the study participants reported both medication and psychiatric/psychological treatment. More than a quarter (27.3%) of older home care recipients without significant depressive symptoms also reported use of medication for anxiety or depression.
As shown in Table 2 , the most frequently endorsed depressive symptom on the CES-D was "everything was an effort" (51.5%), followed by "sleep was restless" (45.1%), "could not get going" (44.5%), and "lonely" (40.6%).
Among older home care recipients with major depression who reported taking medication for anxiety or depression, an overwhelming majority (85%) scored ≥ 3 on the CES-D, an indicator of significant depressive symptoms in the past week (not shown in tables). 
Discussion
This study provides national estimates of depression prevalence and associated treatment among older adults receiving home care. One in two older home care recipients suffered from probable depression; 13.4% of the study participants suffered from major depression and 38.7% met study criteria for subthreshold depression. Our estimate of major depression was almost identical to the 13.5% reported in a previous study of a local sample of Medicare home health care patients. 3 Compared to other studies of HCBS recipients, [8] [9] [10] [11] [12] [13] [14] [15] our study reported a slightly higher combined prevalence rate of depression (52.1%, including major and subthreshold depression). Home care tends to serve individuals with a high level of functional impairment whereas HCBS includes a wide range of services targeting individuals with varying functioning levels. In addition, home care recipients have restricted outdoor mobility whereas not all HCBS recipients are homebound. This burden of disability and social isolation may explain the higher prevalence of depression found in our sample of home care recipients compared with previous studies of HCBS users.
No-treatment rates reported in the present study are similar to recent studies, 11 but are lower compared with earlier studies. A recent study using 2010-2012 waves of the HRS found that 51% HCBS recipients with subthreshold depression were not using psychiatric medication, 11 and that is comparable to the 56% found in this study. Earlier studies reported much higher rates of no-treatment. A 2002 study by Bruce et al. 3 found that 78% of home health patients with major depression were not receiving antidepressants. Weissman et al. 27 reported that 66% of antidepressants use has dramatically increased in the US in the last decade. 28 Antidepressants are frequently prescribed for anxiety disorders, insomnia, pain, and other conditions. 29 The overall increasing trends in antidepressant use and off-label prescriptions could explain why a quarter of the study sample without depression also reported taking psychiatric medication.
Depression treatment patterns found in our study point to the potential problems of heavy reliance on medication and under-utilization of psychotherapies. The overall rates of psychiatric medication use were 27% among participants without depression, 45% among participants with subthreshold depression, and 73% with major depression. The overwhelming majority of treated subjects received medication alone: 84% of treated subjects without depression, 68% of treated subject with subthreshold depression; and 54% of treated subjects with major depression reported mediation alone. While medication is effective for treating major depression, its effectiveness for subthreshold depression is unclear. Optimal treatment of subthreshold depression is still subject to debate and needs to carefully consider the benefits of treatment based on characteristics of the individual patients and their disease progression. 30 Eight in ten older home care recipients with major depression who reported taking medication still experienced significant depressive symptoms. There are several explanations.
Because the treatment utilization question was not specific to antidepressants, some participants may have been treated for anxiety and not for depression. Moreover, residual symptoms are not Consistent with previous studies, 5, 34, 35 we found that older age and African American race were associated with a small risk of no-treatment. Patient and provider-level factors could both contribute to these differences. A treatment study of homebound older adults recruited from meals-on-wheels and other HCBS providers reported that people of older age and African
Americans were less likely to rate their antidepressant medications as very effective. 35 Increased sensitivity to the stigma of depression and its treatment, perception of depression as a normal part of aging, transportation and financial barriers, and concerns of medication side effects are other patient-level barriers to depression treatment. 36 On the provider-level, studies have found that older and African American patients were less likely to receive a depression diagnosis and treatment 36, 37 , even though studies have found higher risk of depression among African
Americans than among their white counterparts. 38 The finding that males possessed a much higher risk of subthreshold and major Page 14 of 29 depression than females was inconsistent with the literature on sex differences in depression rates; higher rates of depression are usually reported in women than in men. 39 It is possible that men who receive home care suffer from higher burden of medical comorbidities and functional impairments than women and their confounding effects could not be fully adjusted in a regression model. Another explanation is related to masculine ideology and culturally defined gender-roles and related attitudes toward seeking help. Tasks associated with receiving professional home care, such as admitting a need for help, increased reliance on others, and recognizing and labeling a problem that can lead to institutionalization, contradicts the messages men receive about the importance of self-reliance, physical toughness, and emotional control. 40 This study has several limitations. Proxy responses were excluded from the sample because HRS did not administer depression assessments to proxies. Proxies most often occur in the case of cognitive impairment or illness; both of which are risk factors of depression.
Therefore, by excluding proxy responses, this study may have underestimated the burden of depression in older home care recipients. We defined home care as paid help with ADLs or
IADLs from a non-relative. Under consumer directed care, family members frequently receive payments for providing home care for older adults. Our study, therefore, cannot be generalized to older adults receiving home care from a relative. Moreover, information on the types of home care providers (e.g., independent contractor or agency-based) and sources of payment were not available. The CES-D measures the number of depressive symptoms in the past week, which can vary greatly from week to week. Although the version of CES-D used in the HRS has been validated, the CES-D measures in general have a low specificity, 41 resulting in a large number of "false-positives." In addition, the medication measure asked about prescriptions for anxiety or depression and was not specific to antidepressants. Therefore, our estimate of the undertreatment Home care is a promising home-based setting for improving late-life depression. The public health impact of targeting the home care setting can be substantial given the high burden of depression and comorbidity as well as gaps in depression treatment in older home care recipients. Characteristics of the home care setting, including care provided in a naturalistic setting and frequent home visits over an extended period, provide opportunities for addressing access barriers to mental health treatment and for ongoing treatment and monitoring of depressive symptoms. Several home-based depression treatment programs have been developed and evaluated, with the majority of studies focused on the skilled home health setting. [42] [43] [44] [45] [46] [47] Although these treatment programs were not specifically designed for non-skilled home care, they can be potentially adapted for use in this setting. In particular, leveraging technology to administer psychotherapy 42, 44 shows promise to make treatments more widely accessible to recipients of home care. Efforts aimed at late-life depression prevention in home care should pay special attention to male home care recipients who may be at higher risk of depression than females. Future studies should further investigate patterns of depression care in home care recipients to understand the persistence of depressive symptoms in treated patients.
Page 16 of 29 based on the purposeful selection of covariates described in Bursac et al. 26 Results were weighted to adjust for the complex sample design of HRS.
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